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I11. GRANULAR MEDI A FI LTRATI ON
A El enents of Design and Operating Conditions

1. Desi gn Approach

Once the filter system has been sel ected using the guidance
provided in Chapter Il, the follow ng design features nust be
established to design facilities for a given application:

Filtration rate;

Filter nedia type, size, and depth;
Filter configuration;

Term nal head | oss;

Met hod of flow control; and
Backwashi ng requirenents.

After the waste stream has been characterized, the first step is
to establish the filtration rate and nedia type, size, and depth.
This is nornmally done based on regul atory requirenents of the
governi ng body having jurisdiction, experience with simlar
treatnent applications, or pilot testing for a specific applica-
tion, if necessary and cost-effective.

Once the filtration rate for the facility is established,
sizing of the facility can be determ ned based on the required
maxi mumtreatnent rate. The total filtering area is established
and then the nunber and dinmensions for the individual filters are
determined. In determning the nunbers of filters required, the
desi gner must evaluate the rate to be handl ed by each filter and
t he correspondi ng backwash rate that woul d be necessary for a
certain size of filter. The decision concerning the nunber and
size of the filters has an inpact on the individual filter piping
and sizing, flow control requirenents and operational flexibility
of the facility. 1In addition, the designer nmust consider the
requi renent for continuous flow and redundancy in determ ning an
accept abl e nunber of filters. This is discussed further in
Section I11.A 4.

The configuration of the individual filter nmust then be decid-
ed. Choices nust be nade concerning the use of single or dual
cell filters and the length and wi dth di mensions of the filter
cell. The length and wdth of the filter cell is normally
established on the basis of the filter underdrain systemand the
auxiliary scour systemto be used. Manufacturers of the filter
equi pnent conponents provide guidelines covering the use of their
equi prent and filter bed layout information in their product
l[iterature
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The depth of the filter is established based on the underdrain
sel ection, support gravel requirenents, depth of the filter nedia
and the operating water depth above the filter nedia. There are
many different styles of filter underdrains avail able and the
desi gner must evaluate themon the basis of their hydraulic
distribution capabilities, head |oss characteristics, materials
of construction, and the associ ated support gravel requirenents.
In selecting the underdrain system the designer would normally
contact various filter equi prment/underdrain suppliers to discuss
the process application with them The avail abl e products,
options suitable for the application and the relative costs can
be established. Once this information is obtained, the designer
woul d use his judgenent in selecting what type of underdrain is
best suited for the project and is to be used as the basis of
design. Support gravel requirenents are dictated by the
underdrain sel ection and gravel gradations for the various
support gravel |ayers are provided by the underdrain manufactur-
er. The gravel is used to prevent plugging of the underdrain
systemw th the nedia and | oss of nedia. The filter nmedia depth
is established based on the process requirenents and is set on
the basis of experience with simlar types of applications or
pilot testing for a particular application. The last itemto
establish is the operating water depth over the filter. The
depth over the nedia should be selected to provide an adequate
operating range for the filter. The operating range is dependant
on the method of flow control selected and the term nal head | oss
desired. In the case of constant rate filtration, the method of
control nost commonly enpl oyed, the depth should be set to
provi de adequate subnmergence to protect against air binding
probl ens. The range of operating depth above the filter can vary
greatly. Additional depth should be provi ded above the high
wat er | evel based on plant hydraulics and overfl ow consi derations
and to mai ntain adequate freeboard fromthe operating | evel of
the filter.

The filter backwashing requirenents nust be considered in the
sizing of the filter since the filter size inpacts the sizing of
facilities and equi pnment required for backwash. The size of the
filter wwll dictate the required flowate and, if applicable,
storage volune required to performa filter backwash. The rate
of backwash inpacts the sizing of the wastewater troughs, washwa-
ter gullets, backwash supply piping and waste backwash drain
piping fromthe filter.

In the design of filtration facilities, the designer nust
consi der each of the features di scussed above to devel op the
facility layout and nust have an understandi ng of the inpacts of
the various features on one another. |In selecting the nunber and
sizing of the filters, the designer nust eval uate and consi der
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the operational flexibility of the facility with regard to the
plant flow anticipated and the inpacts to the auxiliary systens
required for the filter backwashi ng process.

2. Media

a. Type of Media

The filter nedia provide the surface upon which particles are
separated fromthe waste stream The nedia are specified based
on material, size, shape, and specific gravity and wll be
sel ected based on the waste stream and required effluent quality.
The nost conmmonly used granular nedia materials available for
filtration include silica sand, crushed anthracite coal, and
garnet or ilnenite (high density sands). Manganese greensand is
used when renoval of soluble iron and/ or manganese is desired.
Activated carbon and ion exchange resins may be used to filter
out solids in conjunction to their primary utility in renoving
di ssol ved conpounds. It is inportant to note that sone resin
beads are subject to particulate attack, fracturing the resin
bead.

Reliable filter performance is dependant on the proper sel ec-
tion and mai ntenance of filter nmedia and the effective operation
of the process. The different types of nedia can be used al one
or in conbination with one another. The follow ng nmedi a proper-
ties are inportant in establishing the filter performance charac-
teristics:

® Media size and size distribution
e Media density
e Medi a shape

The hydraulics of filtration as well as filter backwashing are
i nfl uenced by these properties.

Media Size and Size Distribution

Filter nedia size affects filter performance in two conflicting
ways. Smaller grain size inproves particul ate renoval, but
accel erates head | oss devel opment and may shorten run tine if the
filtration cycle is determ ned by reaching term nal head | oss.
Conversely, larger grain size causes sonewhat poorer particul ate
removal , but lowers the rate of head | oss devel opnent.

Filter nedia size can be defined in several ways. 1In the
United States, filter nedia is characterized by the effective
size and the uniformty coefficient. A sieve analysis of a
sanple of the nedia is perforned to determ ne these values. The
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si eve anal ysis should be done in accordance with the Anmerican
Society for Testing and Materials (ASTM Standard C136-84a, Sieve
Anal ysi s of Fine and Coarse Aggregate.

The effective size (ES) is defined as the opening size for
whi ch 10 percent by weight of the grains are smaller in dianeter.
The effective size is determ ned by reading the particle size
fromthe sieve analysis curve corresponding to the 10% passi ng
value and is typically noted as the di0size. 1In general, with
relatively uniformy sized particles, the larger nedia size, the
greater the porosity or larger the flow passages through the
medi a.

The uniformty coefficient (U C) is a neasure of the size
range of the nmedia and is defined as the ratio of the opening
size for which 60 percent of the grains by weight are smaller
conpared to the opening size for which 10 percent of the grains
by weight are smaller. The uniformty coefficient can be denoted
as follows:

The lower the uniformty coefficient, the closer the size range
of the particles. The uniformty coefficient is particularly
inmportant in the design and operation of dual media filters since
it influences the backwash rate required.

Typi cal ranges of values for the effective size and uniformty
coefficient of different types of nedia are presented in Table
A-4.

TABLE A-4
FI LTRATI ON MEDI A EFFECTI VE SI ZES AND UNI FORM TY CCOEFFI Cl ENTS
Uniformity Coef- Effective Size
ficient (mm)
Silica Sand 1.2 - 1.8 0.4 - 0.8
Anthracite Coal i.3 - 1.8 0.8 - 2.0
Garnet 1.5 - 1.8 0.2 - 0.6
Ilmenite 1.5 - 1.8 0.2 - 0.

Source: Metcalf & Eddy (1979), USEPA (1974)
Medi a Density
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Medi a density is the mass per unit grain volunme. The density
of the filter nedia affects the backwash flow requirenents; for
materials with the sane dianeter, those with higher density wll
requi re higher backwash rates to achieve fluidization.

The specific gravity of a material is defined as the ratio of
the mass of the substance to the mass of an equal volunme of water
at a specified tenperature. Specific gravity is used to cal cu-
|ate the density of a material. The specific gravity of filter
medi a shoul d be determ ned in accordance with ASTM St andard Test
Met hod for Specific Gavity and Adsorption of Fine Aggregate. The
test uses a displacenent technique with a tenperature for the
test of 23°C (73°) (and three alternative test nethods are
i ndi cated; nethods are for bulk specific gravity, bulk specific
gravity (saturated surface dry) and apparent specific gravity.
The bul k specific gravity (saturated surface dry) woul d nost
closely represent conditions that exist with granular nedia
filtration, however, results are difficult to reproduce. Appar-
ent specific gravity is nore reproduci ble than the bul k specific
gravity (saturated surface dry) for filter nedia and its use is
general |y accepted for the backwash fluidization cal cul ati ons.
Test results for specific gravity should be reported as the
apparent specific gravity. Typical values are presented in Table
[11-2.

Medi a Shape

Grain shape is inportant because it affects the backwash fl ow
requi renents for the nmedia, the fixed bed porosity, and the head
|l oss during filtration. The neasure of grain shape for granular
media filtration is sphericity. It is defined as the ratio of
the surface area of an equal volunme sphere (dianeter of d eq) to
the surface of the grain. The sphericity of filter nedia can be
determ ned by neasuring the pressure drop through a sanple and
cal culating the sphericity using the Carnen-Kozeny or Egun
Equation for flow through porous nedia. This requires determ n-
ing the equival ent spherical dianmeter and the porosity of the
sanple first, so that the only unknown is sphericity.

Material s which are nore angul ar such as anthracite have | ower
sphericity. Typical values are presented in Table A-5.

Fi xed Bed Porosity

The fixed bed porosity of a granular nedia filter is defined as
the ratio of the void volune of the bed to the total bed vol une
and is expressed as a decimal fraction. Fixed bed porosity is
af fected by the sphericity of the nedia; those with | ower
sphericity wll have a higher fixed bed porosity. Porosity is
determ ned by placing a nedia sanple of known nmass and density in
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a fixed dianeter, transparent cylinder. The depth of the sanple
in the cylinder tines the cylinder area establishes the total bed
volunme. The nedia volune is calculated by dividing the mass of
the sanple by the density of the nmedia. By subtracting the nedia
vol une fromthe total bed volunme, the void volune is determ ned.
The porosity is then calculated as the ratio of the void vol une
to the total bed volune of the sanple.

Typi cal Media Properties and Desi gn Standards

Sone typically neasured val ues of density, sphericity and
porosity of different types of filter nedia are shown in
Tablelll-2. Differences in the densities of the various
materials is what permts their use in dual media applications.
Larger sizes of the Iower density nedia, anthracite and granul ar
activated carbon, are used as a cap material. These | ower
density nedia al so have hi gher val ues of porosity which is
desirable froma floc penetration standpoint. The |arger nedia
size and greater porosity will typically result in better deep
bed filtration.

TABLE A-5
TYPI CAL PROPERTI ES OF FILTER MEDI A MATERI ALS
Material Density Sphericity Porosity
g/cm’

Silica Sand 2.6-2.65 0.7-0.8 0.42-0.47
Anthracite 1.45-1.73 0.46-0.60 0.56-0.60
GAC 1.3-1.5 0.75 0.50
Garnet 3.6-4.2 0.60 0.45-0.55

Silica sand is the nost comon filtration nedia.
have historically been used al one or
media. Silica sand is both econom cal
results in a satisfactory quality of effl uent.
sand filters generally have short filter

But ,

Sand filters
in conbination with other
and fine-grained, which
single nedi a
runs since the particles

becone trapped in the fine grains at the top of the nedium
qui ckly increasing head | oss to an unacceptable level. To

overcone this,

fied bed. Alternatively,
conbi nation with fine-grained sand, where the lighter,
be found at the influent side of the bed.
used is anthracite coal.

materials wll

nost conmon coarse materi al
ilmenite are generally used in nulti-nmedia filters as the third,

coarser

sands of varying sizes may be used in an unstrati -
materi al s have been used in

or possibly fourth, polishing layer of filtration nedi a.

coar ser
The
Gar net and
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Al t hough granul ar activated carbon may be used as a filter
media, usually its principal purpose is to renove dissol ved
organics. As a result, when granular activated carbon is used as
a filter nmedia, the carbon acts to filter particulate fromthe
wat er and adsorb organic inpurities in the water. The greatest
di sadvant age of granul ar activated carbon, especially with regard
to hazardous and toxic applications, is that the nedia s adsorp-
tion capacity may be exhausted before its filtration capacity is
exceeded. G anular activated carbon is nore useful in donestic
water treatnent in renoving organics exhibiting chlorine denmand
whi ch reduces the need for chlorine addition. For hazardous and
toxi c waste sites activated carbon treatnent should occur down-
streamof the filtration unit. The activated carbon unit's
princi pal function should be to renobve organi c contam nants, not
to filter particulate matter.

Manganese greensand is a natural zeolite (glauconite) treated
wi th manganous sul phate and potassi um per manganate, giving the
medi a the characteristics of a catalyst. Manganese greensand
removal is ion-specific, renoving soluble iron and manganese by
i on exchange, in addition to filtering out particulate materi al .
Usual ly, a 1% to 4% sol ution of potassium pernmanganate (KVMhO4) is
fed upstreamof the filters to oxidize the soluble iron and
manganese to insoluble ferric and manganic precipitates. The
majority of the oxides can be renoved in the upper |ayers of the
filter bed which is conposed of conventional nedia (e.g., anthra-
cite coal). Iron and nmanganese not renoved in the upper |ayers
will be filtered out by the bed of manganese greensand. The
green sand can renove iron, manganese and potassi um per manganat e
in insoluble and soluble forns. 1In this system the manganese
greensand acts not only as a physical filtration nedia, but as a
catalyst in renoving ions by chem cal neans. Solids can be
renmoved by periodi c backwashing. The oxidative capacity of the
bed is restored by continuous regeneration wth potassi um pernman-
ganate. It is inportant to note that chem cal feed rates should
be proportional to influent rates. Excessive feed of potassium
permanganate will result in a fully regenerated bed, leading to
| eakage of the potassium pernmanganate causing a pink tinge in the
filter effluent. GCenerally, iron and nanganese renobval systens
enpl oy pressure filters. A typical manganese greensand filtra-
tion flow schematic is presented in Figure A-3. (Roberts Filter
Manuf acturing Conpany, US Filter Corporation/Pernutit)

b. Filter Hydraulics

The flow of water through a clean bed granular nmediumfilter
has sim lar hydraulic characteristics as flow through underground
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stratum Various enpirical equations have been devel oped to
conpute the head | oss due to the flow of water through filter
media of uniformsize in a clean state. Several of these equa-
tions are presented bel ow

Fai r - Hat ch:
Car men- Kozeny:
pefialv?
¢ «> d g

vd
N, = ¢—‘Ep—'
Rose:
1.067 1 L v?
h—__TF__Cd_I'B—__
_24
For N, less than 1: Cy=—
r NI
' - 24 3 +0.34
For N, = 1-10% C,; can be approximated by: Cy= N + .
b4 2 JN;
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=

il i o B
=

density, kg/rn®

head | oss, m

friction factor

porosity

shape factor

depth, m

grain diameter, m

face or approach velocity, rn/s

gravity constant, 9.8 rn/s?

coefficient of drag

coefficient of perneability (assunmed 5 under nost
conditions of water filtration)

sphericity

dynam c viscosity, Nes/nR2

ki nematic viscosity, nt/s

r = Reynol d*s nunber

éj&!c o=z
IIIII LA I I | I N T )

Z<E< X
I

In a clean filter stratified by backwashi ng, the equations
presented cal culate the head | oss as the sumof the losses in
successive |layers of the nedia. The head | oss cal cul ations are
performed on the basis of a sieve analysis of the material and
considering that the particles between adjacent sieve sizes are
uniform The nodified equations for stratified nedia are as
fol |l ows:

Fai r - Hat ch:

(1'“)2(

h _ k 6 42
T 9 @ va’

where: p;, = the percentage of weight retained by sieve
d, = the geonetric nmean size between adjacent sieves

Car men- Kozeny:
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where: f = friction factor for each |ayer and

l-a u®
a g

K =

olr

Rose:
1.067 , 1 uZECdpi

h= u-
¢ at g d;

where: C; = drag coefficient for each | ayer

The designer will typically provide a filter equi pnment/nedia
supplier with information concerning the filter nedia size, |ayer
depth and/or performance. The supplier will cal cul ate and
furnish informati on on the clean bed headl oss to the designer.
The equations di scussed can be used to determ ne whether the
i nformati on supplied by the manufacturer is accurate.

c. Configuration

Single nmedia, dual nedia, nmulti-nedia filters and unstratified
beds with either single or multi-nmedi a have been used in water
filtration. A bed configuration should be chosen based on water
stream effluent quality, availability of materials, and backwash
design. |If necessary and practicable, pilot testing may be
performed for selection of nedia type and configuration. Pilot
testing will provide information on head | oss and resultant
effluent quality for each nedia considered. Pilot testing is
addressed in Chapter I. |If pilot testing is not perforned,
experience with simlar water streans provide guidance in select-
ing nmedia type and configuration. Backwash requirenents should
al so be considered in nmaking the final nedia selection.

Dual nedia filters enploy two | ayers of nedia of different size
and specific gravity. The floww |l contact the |ighter, coarser
| ayer first (top size generally greater than 1-mm, with the
finer layer used as a polishing step (reverse gradation) Dual
media filters allow for maximumresults in using two different
media to effect both good effluent quality and deep bed
penetration. Gading the nmedia fromcoarse to fine allows
greater penetration of solids within the bed and greater renoval
of solids by the coarse nedia due to the consequent increased
avai |l abl e renoval sites (increased "storage" capacity). Renova
in the coarser nedia results in |less head | oss buildup. Dual
media filters are the nost common in practice. Unless extensive
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pilot testing is conducted, use of dual nedia is recommended for
granular nedia filters, except continuous backwash systens.

The nost comon dual nedia filter configuration is crushed
anthracite coal over silica sand. The larger anthracite provides
bul k suspended solids renoval; the sand provides renoval of finer
particles which were carried through the anthracite bed. O her
types of dual nmedia filters have been conposed of activated
carbon and sand, ion exchange resin beads and sand, and resin
beads and anthracite.

Multinmedia filters operate in the same manner as dual nedia
filters, but have an additional |ayer of filtration nedia,
offering a greater potential ability to tailor the filter design
for the specific waste stream A nmultinmedia filter will be the
nost expensive to produce and install. Conmmon nultinmedia beds
are conposed of anthracite, sand and garnet or ilnenite; activat-
ed carbon, anthracite and sand; wei ghted spherical resin beads,
anthracite and sand; and activated carbon, sand and garnet or
ilmenite.

One issue with dual media or multinedia configurations is the
effect of intermxing of the media at the interface. The degree
of intermxing wll depend on the density, shape and size differ-
ences of the nedia at the interface. The nedia may be graded to
mai ntain a sharp interface (coal size to sand size ratios at the
interface of about 2:1) or substantial interm xing nmay be all owed
(coal size to sand size of about 4:1). Better effluent quality
generally results with at | east a nobdest anount of interm xing,
which is desirable in dual and nmultinmedia filters. An interm xed
bed nore closely approximates the ideal coarse to fine filter
bed, elimnating the inpervious |ayer which may build up at a
sharp interface. 1In practicality, sonme interm xing is unavoi d-
able. No conclusive evidence is available to dictate or suggest
the ideal or optinmumdegree of intermxing. One rule-of-thunb is
that at | east several inches of pure sand should be avail abl e
past the zone of intermxing. Intermxing will result in faster
head | oss buil dup due to increased suspended solids renoval.

(C easby, 1975; Wber, 1972).

Anot her inportant consideration in designing dual and nul timne-
dia filters is choosing nedia materials which wll be conpatible
for backwashing. |nproper conbination of size and specific
gravity can cause i nadequate washing, interm xing of nedia after
backwash, and | oss of nedia during backwashing. One rule of
thunmb is that the coarser nedia be approximtely two tines the
size of the finer nmedia. Another suggestion is that the differ-
ent nedia have the sane termnal settling velocity. Figures A-3
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and A-4, taken from Kawanmura (1975), provide guidance in
sel ecting the appropriate backwash rates based on nedia size.

For exanple, if anthracite coal with an effective size of 1.2
mm and uniformty coefficient of 1.5 was selected for bulk solids
removal , the 60% wei ght particle size would be 1.8 nm Figure
I11-2 indicates that the associ ated backwash rate (for anthracite
with a specific gravity of 1.5) would be approximately 0.75
infmn (32 in/mM. Using this rate to choose the appropriate
silica sand size results in choosing a 0.78 nmm 60% wei ght
particle size. Gven the typical range of effective sizes and
uniformty coefficient values for sand, a sand with a specific
gravity of 2.60 and approximately a 0.52 mmeffective size and
1.5 uniformty coefficient would satisfy this 0.78 mmresult.
Figure I11-3 shows the effect of tenperature on the backwash
rate. This figures suggests that at tenperatures rangi ng between
10°C to 40°C (50°F to 104°F), a 1.8 mm 60% wei ght particle size
for anthracite coal should be used in conbination with a range of
sand sizes between approximately 0.75 to 0.85 mm 60% wei ght
particle size for fluidization at sim|lar backwash rates.

3. Medi a Support and Underdrain Systens

Wth the exception of upflow and downfl ow conti nuous backwash
systens, granular filtration nmedia are supported by an underdrain
system In addition to providing this support, the underdrain
system acts to distribute the backwash water evenly, collect the
filtered water and prevent loss of the filter nedia with the
filtered water. For conventional systens, a |layer of gravel is
often placed between the nedia and the underdrain systemto aid
in preventing nedia | oss. The principal consideration in underd-
rain design is the uniformdistribution of backwash water. Sone
comon underdrain systens include pipe laterals with orifices or
nozzl es; ceramc or plastic block laterals with holes, nozzles or
porous plates; lateral T-Pees; plenum precast or nonolithic
concrete, with holes, nozzles or porcelain spheres (Weeler-
type); plenumw th porous plates; and porous plates in ceramc

block laterals. Table I11-3, taken from Mnk, conpares sone
conventional underdrain systens.
TABLE A-6

COMPARISON OF UNDERDRAIN SYSTEMS

TYPE ADVANTAGES DISADVANTAGES

Pipe laterals with noz-
zles

Air-scour can be used
Less gravel layers needed
Shallower filter box required

Nozzles result in greater head loss
Cannot use concurrent air and water
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Pipe lateral with orifices

Relatively inexpensive material costs
Simple to construct and install

Multiple gravel layers needed
Integral air-scour cannot be used
Gravel layers increase depth of filter box

Precast concrete T-Pees

Very little head loss
Can be used to form plenum

Multiple gravel layers needed

Integral air-scour cannot be used

Casting and laying is labor intensive
Gravel layers increase depth of filter box

Ceramic tile block

Good backwash distribution
Small head loss
Relatively easy to install

Integral air-scour cannot be used

Requires up to seven layers of gravel

Blocks difficult to handle

Deeper filter box because of gravel and
depth of block

Plastic dual lateral block

Light to handle

Small head loss

Water and air can be used concurrently
Good water-to-air distribution

Requires up to seven layers of gravel

Deeper filter box because of gravel and
depth of block

Limited flexibility in range of air-scour
rates

Blocks require care in laying correctly

Plenum with precast
concrete block and noz-
zles

With appropriate nozzles air-scour can be
used

Good water-to-air distribution

Gravel layer not needed

Difficult to construct
Deeper box because of plenum
Extra care is needed to avoid nozzle

clogging

Wheeler-type System

Low head loss
Good water distribution

Multiple gravel layers required

Integral air-scour cannot be used

Costly construction requirement

Deeper filter box because of plenum and
and gravel layers

Plenum with monolithic
floor and nozzles

Water and air can be used concurrently

Little or no gravel required

Nozzles available that can be adjusted to
ensure uniform air distribution

Air-scour rates can be varied

Deeper box because of plenum
Extra care is needed to avoid nozzle

clogging
Nozzle type must be carefully specified

Plenum with precast
concrete blocks and
nozzles

Water and air can be used concurrently
Little or no gravel required

Deeper filter box because of plenum

Less reliable than a monolithic floor

Extra care is needed to avoid nozzle
clogging

Plenum with porous
plates

Excellent water distribution
No gravel layers needed

Integral air-scour cannot be used

Filter box is deeper because of plenum

History of damaged plates

Little, if any, competitive market

Usually not recommended for wastewater
filtration

Figure A-5 depicts sone commercially
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Consi derations in selecting an underdrain systeminclude the
size of the underdrain, depth of the gravel |ayer, head | oss
duri ng backwash, and material of construction. The size of the
underdrain wll affect the depth of the filter box. The gravel
| ayer depth depends on the orifice size and spacing. Oifice
size will greatly affect head | oss during backwash. The underdr-
ain should be constructed of a material which will be resistant
to any contam nants in the water to be filtered. Sone additional
consi derations are discussed bel ow.

® Porous plates have closely spaced snmall holes conpletely
covering the filter box floor. Mdiumis placed directly on
the plates. The small holes considerably increase the fric-
tional head | oss through the filter and are nore susceptible
to clogging due to chem cal precipitation or encrustation
across the holes.

e |f the designer determnes air scour is required, sonme underd-
rain systems will be elimnated fromconsideration. Table
111-3 provides the required information.

® The overall depth of the system nust be considered when se-
| ecting the underdrain since this will, in part, dictate the
size of the filter box.

® Nozzles are available with a wide size range (0.25 to 9.0 m)
for slots, so that the underdrain can be matched to the nedi a
size. Matching the nedia and slot size will elimnate the
need for gravel, reducing required filter box height.

® Pipe laterals with orifices or nozzles are rarely used any-
nor e.

e Materials of construction nust be nade corrosive-resistant to
the water to be filtered.

® Concrete filters are not generally used in installation sized
for typical hazardous and toxic waste applications (less than
15 L/s (200 gpm).

® Package systens used for lowflow (less than 15 L/s (200 gpm)
applications will generally have standard underdrai ns desi gned
for the system The manufacturers will provide gui dance on
whet her the particular application requires a differing
underdrai n system
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4. Nunber of Units

The nunber of filtration units nust be sufficient to assure
that the backwash fl owates do not becone excessively |arge and
that when one filter unit is taken out of service for
backwashi ng, routine maintenance or repairs, the |oading on the
remaining units is wthin acceptable design criteria. The nunber
of units should be kept at a mnimumto reduce the cost of piping
and construction. After peak filtration and plant flow rates are
establ i shed, the nunber of units should be determ ned based on
total required surface area and space and cost consi derations.
Where nultiple units are specified, the nunber of units should be
based on one unit being out of service at all times. Usually,
the m ni mum nunber of units is two, with four often recommended.
But, for typical |ow flow HTRW applications (<15 L/s (200 gpm)
and wi th conti nuous backwash systens, one unit may be sufficient
if it is acceptable to interrupt filtration (e.g., shut off
recovery wells or increase equalization storage) for backwash
and/ or mai nt enance.

A suggested rule-of -thunb for determ ning the nunber of filter
units is:
N=2.7 /O

where: N nunber of filter units
Q = design capacity in ngd

5. Filter Size

Cenerally the surface area required is based on the peak
filtration and peak flowate. Bed depth, filtration rate, head
loss and filter run length also help determ ne the required
filter size. Capital and operating costs nust al so be consi dered
in designing the filter.

The filter box nust be | arge enough to house the nedi a,
underdrain, any control mechanismand troughs. Additionally, the
filter box size will be, in part, determ ned by the backwash
requi renents (expansion of the bed occurring during backwash) and
control system

6. Valves and Piping

The necessary valves and piping are for influent flow control,
effluent flow control, and the backwash cycle. Additionally,
wash-wat er troughs nust be desi gned.
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Val ves are used to control flow Valves are sel ected based on
desired service. Sonme function (1) only when fully closed or
fully open; (2) by throttling, to reduce the pressure and fl ow
rate of the water; or (3) to permt flowonly in one direction or
under certain conditions of tenperature and pressure. Valves
basically function by placing an obstruction in the path of the
water, providing resistance to flow. Sone basic valves are
briefly described bel ow

® CGate Valves - Gate valves are used to mnim ze pressure drop
in the open position and to stop the flow of fluid rather
than to regulate it

® d obe Valves - G obe valves are used for controlling flow.
The fl ow passes through a restricted opening. Associated
pressure drop is |arge.

e Butterfly Valves - Butterfly valves operate by rotating a
disk froma parallel position to one perpendicular to the
fluid flow.

e Ball Valves - Ball valves use a spherical sealing el enent.
The val ves nay be used for throttling. Pressure drop is
| ow.

® Check Valves - Check valves permt flowin one direction
only. Wen the flow stops or tends to reverse, the valve
automatically closes by gravity or by a spring pressing
agai nst a di sk.

More informati on on these and additional val ves is available in
Perrv's Cheni cal Engi neers' Handbook and vendor |iterature.

Piping is specified in terns of its dianmeter and wall thick-
ness. The optimum size of pipe for a specific situation depends
upon the relative cost of investnent, power, maintenance and
stocking pipe and fittings. Low velocities should ordinarily be
favored, especially in gravity flow fromoverhead tanks. The
facilities |ayout should m nim ze piping requirenents.

Backwash troughs coll ect the backwash water and transport it to
the disposal facilities. The troughs nust be correctly | ocated
to each other and relative to the nedia. Backwash gutters should
be as close to the nedia as possible to mnimze the anmount of
dirty water left after backwashing and to mnim ze the hei ght of
the filter box, but should be high enough to prevent | oss of
medi a. The gutter nust be |arge enough to carry all the water
delivered to it. French (1981) has given a dinensionless
relationship to help determ ne correct trough spacing:
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H =0. 34S

wher e
H = height of the top edge of the trough above the fluidized
bed
S = center-to-center spacing of the troughs

Two or nore troughs are usually provided. The clear horizontal
di stance between troughs should not exceed 1.5 to 2 neters (5 to
6 feet), and the top of the troughs should not be nore than 750
mm (30 i nches) above the top of the bed. (TM 5-813-3)

Common materials used for backwash gutters include concrete,

steel, alum numand fiberglass. Materials of construction should

be chosen based upon conpatibility with the water to be filtered.
7. Backwash

a. Process Description

A necessary conponent for |ong-term operating success of
granular nmedia filters is adequate bed cleaning. Traditionally
this has been acconplished using an upflow water wash with full -
bed fluidization. Backwash water is introduced into the bottom
of the filter bed through the underdrain system The filter
medi a gradual |y assunmes a fluidized state as backwash flow is
increased. Recently, surface washing and/or air scour has been
used to suppl ement water backwash. Surface wash systens consi st
of orifices located 50 to 80 mm above the fixed-bed surface that
inject water over the bed prior to and during water backwash. Air
scour supplies air to the full filter area fromorifices |ocated
under the filter nmedium Air scour may be used either prior to
t he wat er backwash or sinmultaneously wth the water backwash.
These processes are discussed in Section II1.B.4.b.

Proprietary systens have been devel oped in which nmedia cl eaning
is perfornmed continuously. This is acconplished in the deep bed
conti nuous backwash filter by renoving nmedia fromthe filtration
zone for cleaning; and returning the nedia once cleaned. These
systens are addressed in Section II1l.C., bel ow

b. Di sposal Options

Di sposal of backwash water is usually acconplished by re-
filtering, settling in an upstreamclarification unit, or
dewat ering to concentrate the solids.
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CGenerally it is advisable to provide either treatnent (e.g.,
clarification and/ or dewatering) or storage prior to re-filtering
t he backwash stream Storage is nore typically used, except for
conti nuous backwash systens. The water can be stored and deliv-
ered at a uniformrate to the influent flow. A storage tank is
usual |y necessary to avoid sending a high solids or high vol une
"slug" through the filter at once. To dewater, the waste stream

is typically collected, conditioned and settled. |f dewatering
is used, the wet streamfromthe dewatering unit is often re-
turned to the process steam ahead of the filtration unit. |If a

separate treatnent train is not desirable, or the process train
configuration lends itself to sinple re-treatnent, the waste
stream nmay be returned to upstreamsettling/clarification units
for solids separation. The designer should al ways consi der the
hydraulic effects on upstreamunit processes when the backwash
waste is returned directly to the treatnent train. Alternatively
t he backwash water may be di sposed of off-site.

The di sposal of both the backwash water, and eventually the
media, is a significant design consideration when designing for
hazardous and toxic waste applications. The designer is referred
to the Resource Conservation and Recovery Act (RCRA) and the
Cl ean Water Act regul ations and other applicable federal, state
and local regulations to determ ne the required treatnent or
permtting prior to release. The designer should try to mnim ze
all waste streanms which are subject to regulation and treatnent
as a hazardous waste.

B. Gavity and Pressure Filtration

1. Description of Unit

Gavity filters are granular filters which are open to the
at nosphere. Renoval of suspended solids is acconplished as the
i nfluent passes through the porous, granular nedia. The renoval
occurs within the interstices of the filter nmedium by intercep-
tion, inpaction and straining. The hydrostatic pressure over the
bed provides the driving force to overcone head | oss through the
unit. Maximum head | oss typically is less than 2.5 to 3 neters
(8 to 10 feet), and is dependant upon the hydraulic profile of
the treatnment system Backwash is initiated at this [imting head
| oss. The direction of water flow may be downfl ow, upflow, or
bi flow. The downfl ow designs are nost common. |f an upflow
configuration is used, a retaining grid nust be placed above the
medi a bed to help prevent loss of nedia in the effluent. This
prohibits high filtration rates in upflow filters. Biflow
configurations, where influent is introduced to the bottom and
top of the bed with the effluent withdrawmm froma strainer placed
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within the bed, have been used principally in Europe. Backwash is
al ways upflow, regardless of the operating flow direction.
Backwash may consist of water wash in conjunction with surface
wash and/or air scour. Flow rate nmay be controlled using either
constant-rate filtration or declining-rate filtration. These
controls will be discussed in Paragraph VIII. Figures A-6 and A-7
depict a typical gravity filter |ayout.

Pressure filtration systens operate in essentially the sane
manner as gravity filtration systens, except that pressurized
condi tions, achieved by punping, supply the required driving
force. Pressure filters may be operated with term nal head
| osses up to 10 neters (30 feet) (Water Environnent Federati on,
1992). A typical pressure filter is shown in Figure A-8. Again,
downfl ow, upflow and biflow configurations are available. In
addition to control by constant-rate filtration and vari abl e-
declining-rate filtration, pressure filtration can also be
operated at constant-pressure (al so discussed in Paragraph ViIl).
Pressure filtration units are usually constructed of cylindrical
steel shells wth either horizontal or vertical axes. Backwash
is perfornmed in substantially the sanme manner as for gravity
filters.

2. Medi a Configuration

Single nmediumstratified filter beds are not typically used for
wast ewat er treatnment except in continuous backwash filters.
However, for HTRWand industrial applications single nedia
stratified beds nmay be considered. For typical gravity and
pressure filtration systens, single nediumfilter beds wll
becone stratified with finer grains on top after backwash. This
results in unfavorable head | oss buildup resulting from surface
straining of the solids within the finest nmediumlayer. |nstead,
if a single nediumis to be used, the bed should be unstratified.
Two types of unstratified single nmedium beds have been used. One
type uses a single, uniform coarse nedium (approximtely 1 - 3
mmin dianeter) in a deep filter (approximately 2 nmeters or 6.5
feet). Effluent quality may suffer somewhat with use of this
type of bed since fine particles may not be entrapped by the
coarse nmedia. Additionally, prohibitively high backwash rates
may be required to fully fluidize the bed. For exanple, the
m ni mum backwash vel ocity needed to fluidize 2-mm di aneter sand
grains is approximately 1800 L/(mn n?) (45 gal/misq ft) as
opposed to a nore typical required backwash velocity of 600
L/(mn nt) (15 gal/misq ft) (Dahab, 1977). The second type of
unstratified single nedia bed uses a single nmedium of varying
sizes to a depth of approximately 1 neter (3 feet) used with a
conbi ned air-water backwash. Use of this type of unstratified
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bed results in uniform average pore size throughout the filter
bed. Therefore, in-depth filtration is nore likely to occur,
which results in longer filter runs. Use of air-water backwash
elimnates the need for fluidization and consequent stratifica-
tion of the media. This type of filter has been nost commonly
used in potable water treatnent. GCenerally, it is advisable to
use dual nedia filters.

Table A-7 and A-8 present typical nedia designs for filters.
Addi tional information is presented in TM 5-814-3, "Donestic
Wast ewater Treatnent"” and TM 5-813-3, "Water Supply, Water
Treatnment."
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CHARACTERISTICS

VALUES

TYPICAL

Tri-Media

Dual Media

Anthracite
Depth, mm 300 - 600 450
Effective 0.8 - 2.0 1.2

Size, mnm 1.3 - 1.8 1.6
Uniformity

Coefficient

Sand
Depth, mm 150 -300 300
Effective 0.4 - 0.8 0.55

Size, mm 1.2 - 1.6 1.5
Uniformity

Coefficient

Anthracite
Depth, mm 200 - 500 400
Effective 1.0 - 2.0 1.4
Size, mnm 1.4 - 1.8 1.6
Uniformity
Coefficient
Sand
Depth, mm 200 - 400 250
Effective 0.4 - 0.8 0.5
Size, mnm 1.3 - 1.8 1.6
Uniformity
Coefficient
Garnet or
ilmenite 50 - 150 100
Depth, mm 0.2 - 0.6 0.3
Effective 1.5 - 1.8 1.6
Size, mm
Uniformity
Coefficient
Sour ce: WEF/ ASCE, 1991
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3. Desi gn Consi der ati ons

Typical filtration rates for granular filters are 40 to 100
L/'(mnnt) (1 to 2.5 gpmft2) for rapid filters and 100 to 600
L/'(mnnt) (3 to 15 gpm ft2) for high rate filters. Higher fil-
tration rates are generally preferred to decrease the capital
cost of the filter (less filter area required) and the higher
filtration rates result in greater penetration of solids into the
bed. The trade-off is potentially poorer effluent quality. Wen
designing a filter for a specific net production (mhr (gpnfsq
ft)), downtinme for backwash and tine associated with treatnent of
t he backwash water, if applicable, nust be taken into consider-
ation. Head | osses of approximately 3 neters (10 feet) permt a
reasonably long run in gravity filters. Lower head |osses (2
nmeters (6.5 feet)) may be acceptable for dual nedia configura-
tions. The loss of head through the filter is determ ned by
summ ng the increnental |osses through the underdrain (and
supporting gravel, if applicable), nedia, static height, and
val ves and pi pi ng.

For concrete gravity filters, filter boxes are usually arranged
in rows along one or two sides of a common pipe gallery,
m nimzing piping required for influent, effluent, wash water
supply and wash water drainage. Gavity filters nay be of
concrete or steel shell construction. Concrete units are usually
rectangul ar and steel units are spherical. Generally, the steel
units are made for smaller influent flows than the concrete units
and may be nore practical for HTRWapplications.

Pressure filters shells nust wthstand hi gh operating pressures
and, therefore, nust be manufactured in strict accordance with
the Anerican Society of Mechani cal Engi neers (ASME) standards for
pressure vessels. Pressure filter units are sized to use
comercially avail able shells. The shells can be nounted either
vertically or horizontally. The vessel will house the nedi a;
medi a support structures; distribution and coll ection devices for
influent, effluent, backwash water and waste; suppl enental
cl eani ng devi ces and necessary controls. Media support structure
are typically pipe laterals with nozzles or orifices or a plenum
Wi th porous plate-type structure using a framework simlar to a
wel | screen. Allowable head | osses approach 10 neters (30 feet)
(Water Environnent Federation, 1992). Wth pressure filtration,
only single punping typically is required. The water may be
punped fromwells, for exanple, through the filters and to
further waste treatnent or storage facilities.
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4. Backwash Alternatives

a. Process Description

Granular nmedia filters are cleaned by reversal of the flow
t hrough the bed based on a triggering neasurenment such as effl u-
ent quality or head | oss or after a predeterm ned tine period.
Duri ng backwashi ng, the nedia are usually fluidized to allow the
captured particulate to be released into the water and col |l ected
i n washwat er troughs. The washi ng process may be suppl enented by
air injection, surface wash or jets of water. Auxiliary cleaning
is reconmended, particularly when filtering wastewaters. Surface
wash and surface air scour are used to | oosen and renove deposits
fromupper levels of the medium Air scour may al so be used to
reduce washwat er requirements and cl ean the deeper portion of the
filter bed.

Fact ors governi ng backwash system desi gn i nclude size distri-
bution, depth, shape and specific gravity of nedia, density of
bed, influent solids characteristics, pretreatnment, any suppl e-
ment al cl eaning by surface wash or air scour, and disposal of
backwash wast e.

b. Process Alternatives

Wat er backwash uses the shearing action of the water to dis-
| odge the accunul ated material on the nedia. The disl odged
material is flushed through the bed and wasted through the
washwat er gutters. Traditionally, the nedia has been fluidized
or expanded to assist in the shearing and renoval of solids.
Experience has indicated water wash alone is insufficient to
adequately clean the filter bed, especially when filtering waste
wat er .

Surface wash is used to provide additional shearing force. The
surface wash system produces high velocity water jets 50 to 80 nmm
(2 to 3 inches) above the unexpanded nedia. The jets are
introduced by orifices located on a fixed piping grid or on a
rotating arm Surface wash water rates are generally from40 to
120 L/ (min m) (1 to 3 gpmft2) at 3.5 x 10° to 7 x 10 Pa (50 to
100 psi). The cycle is started 1 to 3 mnutes before water
backwash, is operated for a period of tine (5 to 10 m nutes)
si mul t aneous w th wat er backwash and is then shut off. The
orifices wll becone subnerged during the water backwash. The
surface wash should be shut of f at |east one mnute prior to the
end of the backwash cycle. This is particularly inportant with
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dual nedia and nul tinedi a beds, where the horizontal currents
must be dissipated before the nedia settles and re-stratifies.

The di anmeter of a sweep washer shoul d be sel ected so that
approximately 80 mm (3 inch) clearance is available at the
nearest wall. If the filter is constructed in a rectangul ar
shape, it may be advisable to use nultiple surface washers to
cover the area adequately. The washers shoul d be | ocated such
that they remain parallel to the nedia surface. Sufficient
cl earance nust exi st beneath the wash troughs to allow for
rotation as well as 50-80 mm (2-3 inches) between the washer arm
centerline and the nedia surface.

Auxiliary agitation may al so be achieved by air scour. Air is
introduced at the bottomof the filter mediumprior to water
backwash at approximately 1 to 1.5 mf/(mn-nt) (3 to 5 cfmft?)
for 3 to 10 mnutes. Water backwash is then initiated, and air
scour may continue until the water is about 250 mm (10 i nches)
fromthe wash water trough. Air may be introduced either above
the gravel layer or through the orifices of the underdrain. For
desi gn purposes, it should be assuned that there is no reduction
in a backwash rate when air scour is utilized.

5. Backwash Contr ol

a. Rat es/ Ti nes

Backwash nust be perfornmed at a rate sufficient to fluidize the
entire bed and for a tine sufficient to wash the di sl odged
particles out of the bed and into the wash water gutter. For
conbi ned wat er-air backwash, fluidization is not necessary
(al t hough sone bed expansion will occur). The backwash rate
shoul d be adjusted at the end of the cleaning cycle to ensure
reclassification of the filter media. Quick shutdown may result
in increased packing and consequent snaller porosity and | ess
pore space for filtration. For operation on hazardous and toxic
waste sites, the designer nust keep in mnd that the turbul ence
during backwash nmay rel ease volatile em ssions. Potential design
solutions for this problem may include enclosing the vessel and
scrubbi ng of f-gases or using an upstreamunit operation to renobve
vol atile constituents prior to the filtration process.

Maxi mum backwash rates are typically between 600 and 1000
L/(mn nt) (15 and 25 gpnft2) and the filter is normally
backwashed for a period of 8 to 10 mnutes. The required back-
wash rate for a given filter is dependant on the filter nedia
particle size and density, and the backwash water tenperature.
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More detailed information regarding the cal cul ation of the
requi red backwash rate is presented in Section S.C., bel ow

b. Source/ St orage

The source of the backwash water can either be filtered water
(effluent stream) or water froman off-site source; i.e, potable
wat er supply. The backwash water generally should be stored in a
wash water tank to provide adequate capacity for backwashi ng when
not available directly froman off-site backwash water supply.
The volune of the tank will be determned by filter size, rate
and tinme of backwash, and frequency of backwash. The water may
be supplied for backwashing by using an el evated tank or a wash
wat er punp. Typical required storage capacity is 6 cubic neters
per square neter of filter area (150 gallons per square foot).
The daily backwash volune is normally in the range of 1% to 4% of
the daily treatnment rate, but during peak conditions, 10% or nore
can be reached.

c. Pressure Loss and Fluidizing Velocity

Pressure | oss during backwash includes | oss through the
underdrain orifices or plates, |oss through the expanded filter
bed, |l oss through the gravel layer, friction and m nor |osses in
underdrai n channel s and piping from source of backwash supply,
and elevation differences to the top edge of the wash water
trough. The nost significant pressure loss is usually that
t hrough the underdrain. Head | osses through the underdrain
system are obtained fromthe manufacturer. Loss through the
gravel layer nmay be estimated by treating the gravel |ayer as
porous nedia. Loss through valves and pi ping may be cal cul at ed
using standard fluid fl ow equations.

Backwash fluidization in a granular nedia filter bed can be
described as the upward flow of water through the nedia with
sufficient velocity to suspend the grains in the water. As the
rate of backwashing is increased the head | oss through the nedia
is linear until the rate is reached where the head | oss is equal
to the weight of the nedia grains in water. At this point, no
further increase in head loss will occur. As the flowrate is
i ncreased further, the nedia expands and provides a | arger flow
area that can accommodate the higher flow w thout additional head
loss. A typical curve for fluidization of a granular nedia is
shown in Figure A-9. The point of the curve | abeled V; is
referred to as the point of incipient fluidization, or nore
sinply, the mninmum fluidization velocity. It is the superficial
velocity required for the onset of fluidization and can be
determ ned by the intersection of the fixed bed and fl uidized bed
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MEDIA HEADLOSS

SUPERFICIAL VELOCITY, V

Vmé = MINIMUM FLUIDIZATION VELOCITY

FIGURE A-9. HEADLOSS VERSUS SUPERFICIAL VELOCITY
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head | oss curves.

The pressure drop at the point of fluidization can be cal cu-
|ated fromthe follow ng equation

h=L(SG, —1) (1- )

wher e:
h
L

head loss in feet of water pressure
bed depth in feet

porosity of expanded bed

SC% = specific gravity of the nedia

The m ni mum fluidizing velocity required for a nedia can be
cal cul ated using an enpirical equation devel oped by Wen and Yu as
presented bel ow. The equation shows that the required fluidizing
velocity is affected by the nedia particle size, the particle
density and the water tenperature. |In the filter bed, there is a
range of grain sizes as determned fromthe sieve analysis of the
medi a. The particles do not all fluidize at the sane superfici al
velocity; smaller particles fluidize at a | ower velocity than the
| arger particles. Therefore, to assure conplete bed
fluidization, it is necessary to check the fluidizing velocity of
the coarser grains. The dyg, size, that is, the particle size
corresponding to the sieve opening size for which 90 percent of
the grains are smaller, is typically used for this purpose. The
dgy Si ze can be used as an acceptabl e approxi mation for the d.
size of the largest particle in the bed. It is necessary to inow
the density of the nedia particles, and this can be done by
running a specific gravity test on the nedia. This is especially
inmportant in multinedia applications where a lighter nmedia is
used as a cap. The fluidizing velocity depends on the
tenperature of the water as well, since the density and viscosity
of the water are factors of the equations. Hi gher water
tenperatures require higher fluidizing velocities. Once the
required fluidizing velocity is calculated, a safety factor of
1.3 is normally used to assure that an adequate wash rate is
provi ded.

Remeh
me = =

e
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R.+ = Reynolds No. at m ninumfluidization =
[(337)? + 0.0408G] %> —33.7

dop(ps - P) 9

Ga = Galileo No. =
p2

wher e:
Vi = fluidizing velocity, m's
p = fluid density, kg/n?
ps = grain density, kg/n?
w = absolute viscosity, kg/nrs
de, = equival ent spherical dianmeter, m
g = gravity constant, 9.8 nifs?

Figure A-10 is a graph of the backwash rate required for
fluidization of a sand nedia wwth an effective size of 0.48 mm
(dgp = 1.0 mm and a uniformty coefficient of 1.5 at varying
wat er tenperatures. As shown, the backwash rate varies signifi-
cantly froma rate of 476 L/(min nt) (11.7 gpm ft?) at a water
t enperature of 5°C (41.0°F) to approximately 820 L/(mn n¥) (20.1
gpm ft?) at 30°C (86°F). Backwash facilities nust be designed to
provi de the backwash rate required at the maxi mum process water
tenperature or the rate required by the regulatory body having
jurisdiction over the project.

C. Conti nuous Backwash Filtration

1. Description of Unit

Two types of continuous backwash systens are commercially
avail able; the travelling bridge filter and the upflow or
downf | ow deep bed granular nedia filter.

The travelling bridge filter is a gravity filter divided up
into several individual filter cells. A hood travels horizontal -
Iy along the cells, backwashing individual cells while the other
cells continue to filter water. The influent floods the bed,
flows via gravity through the nedia and exits through effl uent
ports. Typically, the nedia bed is approximtely 300 nmm (11
i nches) deep and may consi st of single or dual nedia. Surface
filtration, versus depth filtration, is achieved by the filter.
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FIGURE A-10. BACKWASH RATE CURVE FOR FLUIDIZATION
SAND MEDIA, ES OF 0.48 mm, U.C. OF 1.65.

A-52



ETL 1110-1-159
30 Sep 94

Surface filtration occurs due to the |low term nal head | oss
(usually less than 0.5 neter (2 feet)). Concurrent with the
filtering operation, a hood travels along a track system The
hood i sol ates an individual cell for backwashing. A backwash
punp draws filtered water fromthe effluent chanber, punping the
wat er back through the effluent port to fluidize and backwash the
bed. Another punp picks up washwater collected in the hood and
di scharges it to the washwater trough. No air scour or hydraulic
spray jets are used to suppl enent backwash, but a scarifier blade
pl ows the nedia and | oosens the solids mat as the hood nobves into
position to backwash. Backwash may be initiated by a triggering
head | oss neasured by water |evel probes, automatically based on
a preset timer, or manually. Figures A-Il and A-12 show a
travelling bridge filter system (Aqua-Aerobic Systens, Inc.,
Infilco Degrenont, Inc.)

The upfl ow conti nuous backwash granular nedia filters are
proprietary systens. The nedia is housed in a cylindrical tank.
Water enters the |ower part of the filter tank and noves upward,
contacting the granular filtration nmedia. Each manufacturer has
its own influent dosing mechanism by which the influent stream
is introduced to the filter bed. GCenerally, effluent is dis-
charged over an effluent weir. Concurrent to filtration, the
media is constantly noving downward, renoved fromthe filtration
zone for washing, and returned to the top of the filtration zone
when clean. The nedia is renoved fromthe filter bed by neans of
an eductor pipe. The eductor pipe provides sufficient suction to
the nedia bed to draw the filter sand fromthe system Com
pressed air is generally introduced at the bottom of the pipe,
causing the nedia to be drawn fromthe bed upward to the washer
unit. In addition to providing transport, the eductor tube, or
airlift system provides air scour of the nmedia. The nedia
under goes an additional cleaning step. The nore common confi gu-
ration uses a washbox located wthin the filter tank. A percent-
age of filtrate is allowed to flow upward into the washbox. The
washbox is baffled, allowi ng for counter-current washi ng and
gravity separation of the cleaned sand and the concentrated waste
solids. Solids generally are discharged through a reject pipe

for disposal. Alternatively, the nmedia may be cleaned in a
separate washer unit. This type of systemmy not require
conpressed air for operations. Instead, water is used in the

educt or pipe for transport of sand to the nmedia wash unit. The
wash process consists of a nunber of co-current nedi a washes by
filtered water within the baffled nmedia washer. Figure A-13 shows
a typical upflow continuous backwash system confi gurati on.
(Andritz Sprout-Bauer, Inc., Einto, Parkson Corporation)

The downfl ow granul ar nmedi a conti nuous backwash filter is also
a proprietary system Influent enters at the top of the filter

A-53



ETL 1110-1-159

30 Sep 94
CARRIAGE TRACK
SYSTEM
FABR'CATED
WASHWATER
TROUGH STEEL TANK
TRAVELLING CARRIAGE
ASSEMBLY
WASHWATER PUMP
ELECTRICAL
STRETCHED CABLE
SYSTEM
O
O T s
i EFFLUENT
CHAMBER
CLEARWELL
D‘eﬂ? N,
% 4
%,
4
%%n <)j * <; 9446444
"\ a
0.9 ”
& b
%"» O N FLOW ADJUSTING VALVE
l
i)
QP%
CONCRE,IE GRANULAR MEDIA — TYPICALLY
[ aa 11" SAND (SINGLE MEDIA) OR
8" ANTHRACITE AND
Caf - 8" SAND (DUAL MEDIA)
a
BACKWASH PUMP
TOP SUPPORT BACKWASH SHOE
RETAINER
POROUS PLATE
MEDIA SUPPORT

1/4* CELL DIVIDER
SHEET

FIGURE A-11. TRAVELING BRIDGE FILTER

A- 54



ETL 1110-1-159
30 Sep 94

[ e LY
<« )

1 MEDIA

3300006000030 090D BOBOPEN | BaP> 24 f\'v 1O-DE-SOPO-DOB0-3 | 1LBO-20PO-DP- RGP ‘——»SLJPPWT
% el aiscamanscnnasese Y " GRAVEL

N ey |
T A BACKWASH o T EFFLUENT PORT
£ SHOELOCATION " 1o

FIGURE A-12. TRAVELING BRIDGE FILTER

A- 55



ETL 1110-1-159
30 Sep 94

wwer § R

S L FILTER
| ru—2 REJECT

EFFLUENT

TFILTERED

CHAMBER

™\ SEPARATION
CHAMBER

FwJRAﬂON—J///

ZONE

—_— HH : ,/WL

FIGURE A-13. UPFLOW CONTINUOUS BACKWASH FILTER

A- 56



ETL 1110-1-159
30 Sep 94

nmodul e (several nodul es are grouped together to create the filter
cell, whose size and shape will be determ ned by flowate). The
i nfluent passes through layers of increasingly finer sand, enters
a filtrate chanber and is discharged. The coarse-to-fine grada-
tion occurs as clean sand falls fromthe washbox to the top, and
center, of the filter bed. The coarsest sand "rolls" to the
periphery of the filter cell while the finest particles remain
at, or near, the peak of the filter bed. This grading process is
the result of gravity's effect on the varying sizes of sand as it
seeks its natural angle of repose. The coarse-to-fine gradation
i s mai ntained throughout the depth of the filter as the airlift
punp continually renoves the | owest |ayer of sand for cleaning.
The airlift tube assenbly transports the sand nedi a and capt ured
solids to the top of the filter. The turbulence within the
assenbly separates the sand fromthe solids. Both sand and
solids are placed into a sand washer chanber, which operates in
essentially the same manner as that enployed by the upflow
system The heavier sand falls back into the sand bed and the
solids are discharged through the reject pipe. Figure A-14 shows
a typical downfl ow continuous backwash system configuration.
(Ashbr ook- Si non-Hartl ey Cor poration)

2. Medi a Configuration

The frequency of backwash and filter configuration for both the
travelling bridge and deep bed filters allow for silica sand to
be used effectively as a single nedia. Regarding travelling
bridge filters, silica sand can be used as a single nmedi um since
surface filtration is the primary nethod of solids renmoval within
the filter. The frequency of backwash makes this practicable.
Surface filtration allows the travelling bridge filter nmedia bed
to be relatively shallow Typical bed depths are approxi mately
300 mMm (11 inches).

Conti nuous backwash filtration systens successfully use silica
sand as a single nmedium Traditional conmon probl ens associ at ed
wi th use of a single medium are avoi ded since the bed is continu-
ously noving. The absence of a backwash cycle results in no
stratification of the bed. Also, surface straining and resultant
solids matting and head | oss buildup is avoi ded. However, one
drawback of the continuous backwash systemis generally higher
suspended solids in the effluent as conpared to gravity or
pressuri zed granular nmedia filters. Typically, continuous
backwash filters maintain a bed of approximately 1 m (40 inches),
wi th sand approximately 1.2 mnmin dianeter. Deeper and shal |l oner
beds are available fromcertain manufacturers for appropriate
appl i cations.
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3. Underdr ai n

Travel ling bridge filters generally use porous plate underdra-
ins with no gravel layer. The porous plate is advantageous for
this application since no air scour is needed to supplenent water
backwash due to backwash frequency and no gravel is required,
hel ping to mnimze total bed depth. (Aqua-Aerobic Systens, Inc.;
Infilco Degrenont, Inc.)

No support systemis required for downflow and upfl ow conti nu-
ous backwash systens since the nedia noves through the filter
shell. This elimnates the need for both nmedia support and
backwash di stribution, the purposes of the underdrain.

4. Desi gn Consi der ati ons

In addition to the filter tank, nedia, nedia support, distri-
bution and coll ection devices and the necessary controls, the
travelling bridge filter also has the travelling backwash hood
and rail upon which it noves. Travelling bridge filters are
proprietary systens. The systens are constructed of concrete or
steel. The bridge design and construction can vary substantially
based on the hood itself and the transport system The filter
bed is divided horizontally into several cells. Each cel
operates as a gravity filter. Backwashing occurs under the hood.
Backwash can be perforned automatically or based on a triggering
mechani sm  Package filtration systens are comercially avail -
abl e.

Al'l continuous backwash filters are proprietary systenms. The
manuf acturers offer systens which operate at a range of capaci -
ties. GCenerally, the filters use a single nmedium (sand) which is
housed in a cylindrical shell. These shells may be stand-al one
units or multiple units may be housed in a concrete tanks if the
influent flow warrants. The systens can be manufactured froma
variety of materials, ranging frommld-steel with various
coatings to fiberglass reinforced plastics to stainless steel.
Several different size upflow and downfl ow conti nuous backwash
systens are commercially available. The systens treat throughput
rangi ng fromapproximately 1 LIs through 6 L/s (14 gpmthrough
1000 gpm . Travelling bridge systens are simlarly sized. Since
backwash is continuous there is no limting head | oss or break-

t hrough conditions which nust be determ ned.

The shell of the upflow and downfl ow conti nuous backwash
systens generally house the nedia, nedia distribution systemto
re-inject the nedia into the bed after washing, the nedia renova
systemto renove the nedia requiring cleaning fromthe bed, and
influent, effluent and reject wash water distribution systens,
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weirs and lines. Additionally, the systenms will have a nedia
cl eaning system | ocated either external to or within the filter
shel | .

5. Backwash

Travel ling bridge systens are designed such that i ndividual
gravity filter cells my be backwashed while the remaining cells
continue to filter influent water. Backwashing occurs underneath
a hood which is suspended bel ow the bridge or carriage. The hood
noves slowy along the filter system Filtering flow out of each
cell through the effluent port is slowy blocked off by the
backwash shoe frame. Concurrently, backwash flow into the cel
is slowy increased as the shoe noves over the cell. Wen the
shoe conpletely isolates the cell, full backwash flow occurs.
Then, backwash flowis slowy reduced as the shoe noves off the
cell, and filtering resunmes. The backwash punp draws filtered
wat er back through the effluent port to backwash the cell.

Anot her punp picks up washwater collected in the hood, and

di scharges it to a washwater trough. Backwash may be triggered
by head | oss (water |evel probes), automatically (tinmer), or
manual ly. Typical reject rates are range from 3% and 5%

Cont i nuous backwash systens all ow for continuous system oper a-
tion by cleaning the used nedia in a washer unit | ocated separate
fromthe nmedia. In downflow and upflow conti nuous backwash
systens, the nmedia noves within the bed to a renoval port and is
t hen washed via air scour and/or water before re-injection into
the bed. This is generally acconplished using an eductor pipe,
conpressed air system sandwasher chanber, and reject line. The
turbul ence within the tube scours the solids fromthe nedia. The
solids are then separated fromthe nedia grains in a separation
or washer chanber. Alternatively, the nedia my be washed in an
external nedia washer to separate the solids fromthe nedia. The
medi a washer is basically a baffled chanber which uses gravity
separation to separate the solids fromthe nedia. The baffles
all ow for countercurrent washes. Upward flow ng water results in
sluicing away | ow density solids, and settling of the nedi a.

After being washed, the nedia is returned to the filter shell.

Rej ect rates for continuous backwash systens typically range

bet ween 2% and 15% of the feed streamflow rate, but may be up to
25% Because conti nuous backwash systens have a continuous waste
streamthey are not used as a primary or the only treatnent
process at HTRWsites. They are al nost exclusively used in
conjunction with an upstreamclarification unit to handle solids
returned fromthe reject stream
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D. Advant ages/ D sadvant ages

Gavity filtration systens are the sinplest granular nedia
filtration systens. Reasonably long filter runs can be achi eved,
but there is the possibility of negative gauge devel oping within
the filter bed, resulting in "air binding." Air binding problens
typically result where particle renoval is occurring in only the
top fewinches of the filter bed and the entire depth of the bed
is not being used for renmoval. When the head | oss at any | evel
inthe filter exceeds the static head to that point, a head
condi tion bel ow the atnospheric |evel (vacuum or negative gauge)
occurs. This is comonly referred to as a negative head condi -
tion and can cause air binding of the filter. Wen a negative
head condition occurs, dissolved gases in the water are rel eased
and gas bubbles are forned within the filter bed. These trapped
gas bubbl es cause additional head | osses aggravating the probl ens
even further.

Negati ve gauge pressure is generally absent in pressure fil-
tration systens. Pressure filtration systens can be operated at
hi gher term nal head | osses, which generally result in |onger
filter runs and reduced backwash requirenments. H gh power costs
are associated with pressure filtration systens, indicating their
practicality is limted by cost considerations. Additionally,
because the el enents are enclosed in a steel shell, access for
nor mal mai ntenance and observation is limted.

Travelling bridge filters offer the advantages of gravity
filtration, plus the additional advantage of no periodic system
shut down for backwash since the individual cell backwash does not
inmpact filtration ability. Additionally, no backwash hol di ng
tanks are required, since backwash water is obtained fromthe
ef fl uent chanber, and the filter can use a single nedium But
extensi ve mai ntenance (electric gear notors, drive shafts,
bearings to | ube and mai ntain) has been associated with the
travelling bridge filter. The traveling bridges have al so
suffered alignnent problens.

The continuous filters are deep bed design, allow ng for
maxi mum sol i ds capture. Continuous backwash systens al so offer
t he advantage of avoi ding periodic backwash cycles. This results
in continuous, steady state operation with constant pressure
drop, and also elimnates the auxiliary equipnment associated with
t he backwash process. But, alternative equi pment and systens
must be installed and operated to clean the nedia. For exanpl e,
speci al influent dosing nmechani sns, the washer chanber, the
conpressed air system and the sand lift nechani sm nust be
provided. In practice, biological fouling of the filtrate stream
on the downfl ow system and problens with the upflow system s
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ability to handle high influent solids |oading have been report-
ed.

Certain states are no |onger giving approval for operation of
conti nuous backwash systens for potable water applications.
Especially with regard to the travelling bridge system but also
to a degree with the upflow system the potential for contact
bet ween i nfluent and effluent water creates a disinfection issue.
Simlar considerations may be an issue with HTRW appl i cati ons.
Potential cross-contamnation is also an issue when dealing with
hazar dous waste water as when dealing with potable water.
Specifically, the nost conmmon conplaints object to a single wall
between filtrate and unfiltered water, no air scour and/or water
wash, no water to waste after backwash, insufficient nedia depth,
and open filtrate channel.

E. Reference. See Appendix D
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